The paper deals with analysis of propagation of transverse electromagnetic waves along lossy transmission lines terminated by a circuit consisting of parallel connected RLCelements. Using the Kirchhoff's laws we derive boundary conditions and formulate the mixed problem for hyperbolic system describing the lossy transmission line. Without the Heaviside's condition, we cannot guarantee the distortionless propagation of waves and hence we cannot apply the known methods. That is why we apply a different method and obtain conditions for existence-uniqueness of generalized solution. We change variables and formulate a mixed problem for the hyperbolic system with respect to the new variables. The nonlinear characteristics of the RLC-elements generate nonlinearity in the equations of neutral type on the boundary. We propose an operator presentation of the mixed problem for transmission line system and by means of fixed point technique we prove existence-uniqueness of a generalized solution. ARTICLE ID: GJAEM-63 t x t x J J   or   ) , ); , ( ( t x t x J J   . In our case J J J J     J J J J in J J J J J J J in J J t J t W   where 0 0 , J W and    are positive constants.
INTRODUCTION
The main purpose of the present paper is to analyze the propagation of transverse electromagnetic (TEM) waves along lossy transmission lines terminated by a circuit consisting of parallel connected RLC-loads shown in Figure 1 . In previous papers collected in the monograph [1] (cf. also [2] ), we have considered the lossless transmission lines and lossy ones but with the Heaviside condition. Here we investigate the case when the Heaviside condition is not satisfied. This leads to a new difficulty for the operator formulation of the mixed problem. Since recent years much work has been done devoted to transmission lines we would like to mention some monographs [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . 
METHODOLOGY
The technique from [1] is not applicable to such problems and we base our consideration on the technique from [19, 20] . The fixed point of a suitable operator is a solution of the mixed problem. By this method we obtain conditions for the existence-uniqueness of generalized solution.
RESULTS & DISCUSSION
The paper consists of five sections. In Section 1 we derive the boundary conditions using the Kirchhoff's law and formulate a mixed problem for the hyperbolic lossy transmission line system. The nonlinear characteristics generate nonlinear boundary conditions and we make estimates of the nonlinear characteristics of RLC-elements. In Section 2 we transform one more time the hyperbolic system. Without the Heaviside's condition we cannot reduce the hyperbolic system in a simple form and therefore we cannot reduce the mixed problem to an initial value problem on the boundary for delay equations with respect to the new variables. In Section 3 we present an operator formulation of the mixed problem for the hyperbolic system without the Heaviside's condition. In Section 4 we prove an existenceuniqueness of generalized solution. Section 5 contains a numerical example demonstrating how to apply our method to a particular problem.
We proceed from the lossy transmission line system of equations: 
are prescribed functions. The boundary conditions we derive on the base of the Kirchhoff's laws on Figure 1 . The main difficulty is caused by the complexity of the circuit configuration shown on Figure 1 . The problem is how to choose currents and voltages so as to obtain a compatible system.
Derivation of the boundary conditions for the transmission line system terminated by parallel connected RLC-elements
The boundary conditions can be derived from the loads and sources at the ends of the line (cf. Figure 1 ) on the base of the Kirchhoff's laws. For the left end we have
For the right end we obtain )) , ( ( ) , ( ) , ( )) , ( (
To reduce the mixed problem to an initial value one we follow [1] . Rewrite (1) in a matrix form:
in a diagonal form we take the matrix  by eigenvectors
Since
One more transformation and formulation of the mixed problem
Here we emphasize that the Heaviside's condition is not fulfilled, that is,
We make one more substitution
By using the transformation formulas
and their inverse ones
, (
we obtain the initial conditions with respect to the new variables
We assume that the I-L characteristic of the inductive element is: 
Let us take
are prescribed positive constants.
For nonlinear conductive elements we assume
has an interval of negative differential resistance.
Assumptions (C):
We assume
We have to define an interval where ) ( 1 u C has an inverse function:
The boundary conditions with respect to the new variable are (in view of
Operator formulation of the mixed problem for the lossy transmission line system without the Heaviside condition
Transforming the last boundary conditions we formulate an operator assigned to the following mixed problem: to find a solution
and boundary conditions which in view of the assumptions
, [19, 20] we consider the Cauchy problem for the characteristics:
The functions
are continuous ones and imply a uniqueness to the left from t of the solution
( of (9) still belongs to  and by ) ,
Prior to present the mixed problem in operator form we introduce
 , and respectively J   , are defined by the right-hand sides of corresponding boundary conditions. So we assign to the above mixed problem the following system of operator equations
Introduce the function sets:
by the formulas
Existence-uniqueness of a generalized solution
The fixed point ) , ( J W of the operator B:
Theorem 1. Let the following conditions be fulfilled: 
Then there exists a unique generalized solution of (8) for
Proof: We have to show that the operator B is a contractive one. Indeed, since
It is easy to see that
Further on we take into account that for sufficiently large 
Therefore the operator B has a unique fixed point which is a generalized solution of (8). Theorem 1 is thus proved.
Numerical example
Here we collect all inequalities guaranteeing the existence-uniqueness result.
Let the transmission line be such that 
The polynomial 
has an interval of negative differential resistance. Indeed  the solution can be extended as in [19] .
CONCLUSION
The advantage of the fixed point method is that it leads to the solution by successive approximations: 
